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Specification 

SPIN VALVE STRUCTURE WITH Si SEED LAYER AND REDUCED PtMn 
ANTIFERROMAGNETIC LAYER THICKNESS 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates generally to spin valve sensors for magnetic heads, and 
more particularly to an improved Si seed layer for a PtMn spin valve sensor structure. 

Description of the Prior Art 

g Increasing the areal data storage density of hard disk drives can be accomplished by 

430 reducing the written data track width, such that more tracks per inch (tpi) can be written on the 
«jS disk, and/or by reducing the size of data bits, such that the number of bits per inch (bpi) on a data 

1^. track can be increased. However, to read data from a disk with an increased bpi, it is also 

m 

necessary to develop a sufficiently thin read gap within the read head of the magnetic head, such 

i 

ii 

fa that unwanted magnetic field interference from adjacent data bits is substantially eliminated. 
15 Current state of the art magnetic heads have read head gaps of approximately 800 A to 1 ,000 A. 

Magnetic heads for hard disk drives typically have a read head portion including a 
magnetoresistive (MR) spin valve sensor structure for reading data from the disk of the hard disk 
drive. As is well known to those skilled in the art, such MR sensor structures include a plurality 
of thin film layers disposed between two magnetic shields that define the read gap. The thin film 
20 layers have particular magnetic properties, and are sensitive to the magnetic field of the data bits 
on the hard disk. Thus, thinner layers disposed between the two magnetic shields will create a 
thinner read gap, which will allow the read head to detect the smaller data bits that a higher bpi 
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data track contains. Additionally, where one or more of the sensor layers can be made thinner, 
the electrical insulation layers (Gl and G2) within the sensor can be made thicker, which reduces 
the incidence of electrical shorts through the Gl and G2 insulation layers. 

The thin film layers of a typical MR spin valve sensor will include at least one 
5 antiferromagnetic layer, at least one pinned magnetic field layer, and at least one free magnetic 
field layer. When the magnetic field direction of the free magnetic field layer is parallel to the 
magnetic field direction of the pinned magnetic field layer, the electrical resistance R of the MR 
sensor is lowest. When reading data, a magnetic data bit of a hard disk will cause the magnetic 
field direction of the free magnetic field layer to change, whereupon the electrical resistance of 



00 the sensor increases. This change in resistance (AR) affects the electrical current passing through 



the sensor, which is thus detected as a data signal. The parameter AR/R is useful in comparing 
magnetic head performance. 

It is therefore desirable to develop MR sensors having a decreased thickness, while 
maintaining or even increasing the AR/R value. Where the metallic MR sensor layers are made 



A5 thinner, there is less shunting of electrical current through these layers and away from the free 
magnetic layer. This leads to an increase in AR and improved magnetic head performance. 
Another parameter that is significant in spin valve sensor performance is the free layer 
coercivity, and generally, the lower the coercivity, the more stable the MR sensor will be. Thus 
a thinner sensor that maintains coercivity or even decreases coercivity is desirable. 

20 Many different materials have been utilized in the prior art in attempts to increase AR/R 

and reduce the coercivity of the MR sensor. The present invention relates to a MR spin valve 
sensor that is fabricated utilizing a particular seed layer that replaces the prior art Ta sublayer 
with a Si sublayer. This allows the use of a thinner PtMn antiferromagnetic layer, thus leading to 
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a thinner MR sensor, which allows for thicker Gl and/or G2 insulation layers while maintaining 
the same read gap thickness. 

SUMMARY OF THE INVENTION 

The spin valve sensor of the present invention is fabricated utilizing a three part AI2O3, 
5 NiMnO, Si seed layer upon which a PtMn antiferromagnetic layer is subsequently fabricated. 
The prior art seed layer is A1 2 0 3 , NiMnO, Ta. A preferred fabrication process of the seed layer 
includes the sequential deposition of the three sublayer parts of the seed layer in a vacuum 
chamber. 

In the preferred embodiment, the Si seed sublayer is formed with a thickness in the range 
ISjlO of from approximately 10 A to approximately 40 A, with a preferred thickness of approximately 

{"if j 

3 20' A, where the prior art Ta seed sublayer is fabricated with a thickness of approximately 35 A. 

IM 

; JS The use of the Si sublayer also allows a reduction in the thickness of the PtMn antiferromagnetic 

m 

layer that is fabricated thereon, from a prior art value of approximately 150 A to approximately 

rl 

j|| 120 A in the present invention. Thus the thickness of the MR sensor layers is reduced by 

■ %i 

Sj5 approximately 15 A in the seed sublayer, and by approximately 30 A in the PtMn 
antiferromagnetic layer, such that the thickness of the MR sensor is reduced by approximately 45 
A; that is, the insulation thickness can be increased by approximately 45 A. This increased 
insulation thickness reduces the risk of electrical shorts from the sensor to the shields. 

The present invention may also include the overdeposition of the Si sublayer beyond its 
20 desired thickness, followed by the etching back of the Si sublayer to its desired thickness. 
Thereafter, a thinner PtMn spin valve sensor layer is fabricated upon the Si sublayer. Regarding 
the etched back Si sublayer embodiment, it is believed that the crystal structure of the surface of 
the etched back Si sublayer is altered by the etching process, and it results in an improved crystal 
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structure to the subsequently fabricated PtMn layer and other sensor layers, such that the 
fabricated sensor exhibits increased AR/R and reduced coercivity. 

In the etched back Si seed sublayer embodiment, the Si sublayer is deposited to a first 
thickness of from 15 A to 45 A and is etched back from approximately 5 A to approximately 25 
A. In a particular embodiment, the Si sublayer is deposited to an initial thickness of 
approximately 30 A and is etched back a thickness of approximately 10 A to achieve a final 
thickness of approximately 20 A. The use of etched back Si sublayer provides improved 
crystalline structure properties to the PtMn antiferromagnetic layer as well as layers fabricated 
thereon, such that improved AR/R and coercivity properties of the magnetic head of the present 
invention are obtained. 

It is an advantage of the magnetic head of the present invention that it includes a 
magnetoresistive read head having a decreased sensor thickness. 

It is another advantage of the magnetic head of the present invention that it includes a 
magnetoresistive sensor having a decreased sensor thickness, an increased AR/R and a reduced 
coercivity. 

It is a further advantage of the magnetic head of the present invention that it includes a 
three part A1 2 0 3 , NiMnO, Si seed layer with a reduced thickness PtMn antiferromagnetic layer. 

It is yet another advantage of the magnetic head of the present invention that it includes a 
magnetoresistive sensor including an Si seed sublayer portion having an improved upper surface 
crystalline structure that results in a sensor having a reduced sensor thickness and an increased 
AR/R and a reduced coercivity. 
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It is an advantage of the hard disk drive of the present invention that it includes a 
magnetic head of the present invention having a magnetoresistive spin valve sensor having a 
reduced sensor thickness. 

It is another advantage of the hard disk drive of the present invention that it includes a 
magnetic head of the present invention that includes a magnetoresistive sensor having a reduced 
sensor thickness, an increased AR/R and a reduced coercivity. 

It is a further advantage of the hard disk drive of the present invention that it includes a 
magnetic head of the present invention that includes a three part A1 2 0 3 , NiMnO, Si seed layer, 
with a reduced thickness PtMn, antiferromagnetic layer. 

It is yet another advantage of the hard disk drive of the present invention that it includes a 
magnetic head of the present invention that it includes a magnetoresistive sensor including an Si 
seed layer portion having an improved upper surface crystalline structure that results in a sensor 
having a reduced sensor thickness and an increased AR/R and a reduced coercivity. 

It is an advantage of the method for fabricating a magnetic head of the present invention 
that it includes a MR sensor structure including an Si seed layer portion, such that a reduced 
sensor thickness and an increased AR/R and reduced coercivity results. 

The foregoing and other objects, features, and advantages of the present invention will be 
apparent from the following detailed description of the preferred embodiments which make 
reference to the several figures of the drawing. 

IN THE DRAWINGS 

Fig. 1 is a top plan view generally depicting a hard disk drive that includes a magnetic 
head of the present invention; 
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Fig. 2 is a side cross-sectional view depicting a typical prior art spin valve read head 
portion of a magnetic head; 

Fig. 3 is a side cross-sectional view depicting typical thin film layers that may be utilized 
in fabricating the prior art spin valve sensor structure depicted in Fig. 2; 

Fig. 4 is a side cross-sectional view depicting a first embodiment of a spin valve sensor 
structure of the present invention; 

Fig. 5 is a side cross-sectional view depicting a second embodiment of a spin valve 
sensor structure of the present invention; 

Fig. 6 is a graph comparing the performance characteristics of the Si seed sublayer 
magnetic head of the present invention with a prior art Ta seed sublayer magnetic head; and 

Figs. 7, 8 and 9 are graphs providing performance data of the Si seed sublayer magnetic 
head of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a top plan view that depicts significant components of a hard disk drive which 
includes the magnetic head of the present invention. The hard disk drive 10 includes a magnetic 
media hard disk 12 that is rotatably mounted upon a motorized spindle 14. An actuator arm 16 is 
pivotally mounted within the hard disk drive 10 with a magnetic head 20 of the present invention 
disposed upon a distal end 22 of the actuator arm 16. A typical hard disk drive 10 may include a 
plurality of disks 12 that are rotatably mounted upon the spindle 14 and a plurality of actuator 
arms 16 having a magnetic head 20 mounted upon the distal end 22 of the actuator arms. As is 
well known to those skilled in the art, when the hard disk drive 10 is operated, the hard disk 12 
rotates upon the spindle 14 and the magnetic head 20 acts as an air bearing slider that is adapted 
for flying above the surface of the rotating disk. The slider includes a substrate base upon which 
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the various layers and structures that form the magnetic head are fabricated. Such heads are 
fabricated in large quantities upon a wafer substrate and subsequently sliced into discrete 
magnetic heads 20. 

A typical prior art magnetic head is fabricated to include a read head portion for reading 
data from the hard disk and a write head portion for writing to a hard disk, and Fig. 2 is a 
generalized depiction of a prior art read head portion of a magnetic head which will serve as a 
starting point for the description of the novel read head features of the present invention that 
follow. As depicted in Fig. 2, the read head portion 30 includes a first magnetic shield layer (SI) 
34 that is fabricated upon the surface 38 of a substrate base 42. A first insulation layer (Gl) 44 is 
fabricated upon the SI shield 34 and a plurality of read head sensor layers 50 are then fabricated 
upon the Gl layer 46. A detailed description of the sensor layers 50 is provided hereinbelow, 
and the novel sensor layers of the present invention are then discussed. Using photolithographic 
and etching techniques, portions of the sensor layers are removed such that the central portions 
50 depicted in Fig. 2 remain. Thereafter, hard bias elements 54 are fabricated next to the sensor 
layers 50, electrical leads 60 are fabricated upon the hard bias elements 54, a second electrical 
insulation layer (G2) 64 is deposited across the device followed by the fabrication of a second 
magnetic shield (S2) 68, and a write head portion (generally indicated as 72) is subsequently 
fabricated to complete the magnetic head fabrication process. 

The present invention is directed towards improvements in the specific layers that 
comprise the sensor element 50 of the read head, and a more detailed depiction of a typical prior 
art magnetoresistive (MR) spin valve sensor, such as may be utilized as sensor 50 in the prior art 
magnetic head of Fig. 2 is depicted in Fig. 3. As depicted in Fig. 3, a Gl electrical insulation 
layer 44 typically composed of A1 2 0 3 , is fabricated upon the SI shield layer 34, that is typically 
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composed of NiFe. This is followed by a three part seed layer composed of an AI2O3 sublayer 
76, an NiMnO sublayer 80 and a Ta sublayer 84. Significantly, the composition of this type of 
three part seed layer is a focus of the present invention, as described in detail hereinbelow. 

Following the seed layer deposition, a spin valve layer structure 90 is fabricated. As is 
5 seen in Fig. 3, the sequence of sensor layers in the prior art spin valve layer structure 90 is PtMn, 
CoFe, Ru, CoFe, Cu, CoFe, NiFe, Cu, Ta, and the typical thickness of the various layers is set 
forth in Fig. 3, and it is noteworthy that the prior art PtMn layer is particularly fabricated with a 
thickness of approximately 150 A.. As is well known to those skilled in the art, the PtMn layer 
j :4 acts as an antiferromagnetic layer, the CoFe, Ru, CoFe layers act as a pinned magnetic layer, the 
00 Cu layer acts as a spacer layer, the CoFe, NiFe layers act as the free magnetic layer, the Cu layer 

;|5 acts as a spin filter layer and the Ta layer acts as a cap layer. 

ff\ 

;t! Magnetoresistive spin valve sensors, such as are described herein, operate by detecting 

ill 

|! magnetic data bits written upon a hard disk through a change in electrical resistance within the 
\Z spin valve sensor when the sensor is exposed to the magnetic field of the data bit. Specifically, 
q|5 the orientation of the free layer magnetic field is altered by the magnetic field of a data bit, and 
the change in the orientation of the free layer magnetic field creates a change in the electrical 
resistance of the sensor. The electrical resistance of the sensor is lowest when the free layer 
magnetic field is oriented parallel to the pinned layer magnetic field, and the resistance of the 
sensor increases when the free layer magnetic field is oriented other than parallel to the pinned 
20 layer magnetic field direction. Thus, an improved sensor (such as the present invention) will 
have a greater change in resistance when exposed to magnetic data bits, and this change in 
resistance is generally designated as AR, where R is the sensor resistance when the free layer 
magnetic field is parallel to the pinned layer magnetic field, and AR is the change in resistance of 
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the sensor when the free layer magnetic field is anti-parallel to the pinned layer magnetic field. 
The value AR/R basically is a representation of the percentage change in the sensor resistance, 
and it is utilized in comparing the qualities of spin valve sensors. 

Another significant performance parameter for comparing sensor performance is the 
magnetic coercivity of the sensor, because the coercivity is a measure of the stability of the 
sensor, and the lower the coercivity of the sensor, the more stable it is. Therefore, it is a 
performance goal for the spin valve sensor of the present invention to have a higher AR/R and 
lower coercivity. As will appear from the following description the improved seed layer of the 
spin valve of the present invention results in the creation of spin valve sensors having such a 
higher AR/R and a reduced coercivity. 

Fig. 4 is a side cross-sectional view depicting a first spin valve sensor structure 92 of the 
present invention. The spin valve sensor structure 92 includes a three part seed layer including 
an A1 2 0 3 sublayer 76, followed by an NiMnO sublayer 80, followed by an Si sublayer 94, and a 
spin valve layer structure is then fabricated on top of the three part seed layer. As with the prior 
art seed layer depicted in Fig. 3, the three part seed layer of the present invention depicted in Fig. 
4 is fabricated in a vacuum system with multiple chambers where the three layers are 
sequentially deposited without exposure to atmosphere. A comparison of the spin valve sensor 
92 of Fig. 4 with that of Fig. 3 reveals the differences that the prior art 35 A Ta seed sublayer 
portion 84 of Fig. 3 has been replaced with a 20 A Si seed sublayer 94, and the PtMn layer 
thickness has been reduced from approximately 150 A to approximately 120 A. A comparison 
of the properties of the spin valve sensors depicted in Figs. 3 and 4 is presented hereinbelow. A 
second preferred embodiment of the spin valve sensor of the present invention can now be 
described with the aid of Fig. 5. 
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Fig. 5 is a side cross-sectional view depicting a second embodiment of a spin valve 
sensor 96 of the present invention. The spin valve sensor 96 includes a three part seed layer, 
including an A1 2 0 3 sublayer 76, an NiMnO sublayer 80 and an Si sublayer 98. A comparison of 
the spin valve sensor 96 of Fig. 5 with that of Fig. 4 reveals that the Si seed sublayer 98 of Fig. 5 
has the same approximately 20 A thickness as the Si seed sublayer 94 of Fig. 4. However, as is 
discussed herebelow, the performance parameters of the spin valve sensor of Fig. 5 are improved 
over those of the spin valve sensor of Figs. 3 and 4. This performance improvement is due to a 
different fabrication process for the Si seed sublayer 98 of the spin valve sensor 96 depicted in 
Fig. 5. Specifically, whereas the Si seed sublayer 94 of the spin valve of Fig. 4 was deposited to 
a thickness of 20 A, the Si seed sublayer 98 of the spin valve sensor of Fig. 5 was deposited to a 
thickness of approximately 30 A and then etched back approximately 10 A to a final thickness 
approximately of 20 A. Thereafter, the 120 A PtMn layer and subsequent sensor layers, as 
shown in Fig. 4 are fabricated on top of the etched back Si seed sublayer 98 of Fig. 5. The three 
part seed layer of spin valve sensor 96 is preferably fabricated in a vacuum system with multiple 
chambers, wherein the three parts 76, 80 and 98 of the seed layer are sequentially deposited by 
utilizing three sequential sputtering sources without exposure to atmosphere, followed by an ion 
beam etching step to etch back the Si sublayer 98. It is therefore to be understood that the single 
fabrication difference between the spin valve sensors depicted in Figs. 4 and 5 is that the 20 A 
thick Si seed sublayer 98 of Fig. 5 has been over deposited and subsequently etched back to a 20 
A thickness, whereas the Si seed sublayer of the spin valve of Fig. 4 was originally deposited to 
the 20 A thickness. The etched back upper surface 100 (shown as a roughened line) of the Si 
seed sublayer 98 has an altered crystallographic surface, as compared to the deposited Si 
sublayer 94 of Fig. 4. It is believed by the inventor that the improved properties of the spin valve 
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sensor depicted in Fig. 5 result from the alteration of the surface crystallography of the etched Si 
seed sublayer 98 of Fig. 5, as compared to the deposited (without etch back) Si seed sublayer 94 
of the spin valve sensor depicted in Fig. 4. The altered crystallography of the surface 100 then 
results in improved crystallography of the PtMn and further layers that are sequentially deposited 
on top of the surface 100. 

For ease of comparison, the structures and performance characteristics of the three spin 
valve sensors depicted in Figs. 3, 4 and 5, are presented in Table L 



TABLE I 







Fig. 3 


Fig. 4 


Fig. 5 


Sensor Layers 


Ta 


40 A 


40 A 


40 A 


Cu 


5 


5 


5 


NiFe 


30 


30 


30 


CoFe 


15 


15 


15 


Cu 


20 


20 


20 


CoFe 


26 


26 


26 


Ru 


8 


8 


8 


CoFe 


17 


17 


17 


PtMn 


150 


120 


120 


Seed Layer 


Etch 


W&W/O 




10 


Ta 


35 






Si 




20 


20 


NiMnO 


30 


30 


30 


A1 2 0 3 


30 


30 


30 












PERFORMANCE 
CHARACTERISTICS 


AR/R (%) 


8.6 


8.4 


8.8 


He 


6.5 


7.0 


5.5 


Hf 


-5 


-3 


-10 



As can be seen in Table I, each of the spin valve sensors depicted in Figs. 3, 4 and 5 is 
represented in a data column. The specific indication (W&W/O) regarding etching of the Ta 
seed layer of the embodiment depicted in Fig. 3 means that experimental data was developed for 
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devices wherein the Ta seed layer was etched and was not etched (that is, with and without 
surface etching). The experimental data results were that the performance characteristics were 
similar, meaning that the performance of the Ta seed layer spin valve sensor 50 was not 
appreciably enhanced by etching the surface of the Ta seed layer. 

In comparing the performance characteristics of the sensors depicted in Figs. 3 and 4, it is 
seen that AR/R is slightly decreased, and the coercivity He of the Fig. 4 disk is somewhat 
reduced. The reduction of coercivity is approximately 2 Oersted which can be of significance in 
some applications. Regarding the etched back Si seed layer sensor 96 of Fig. 5, it has a AR/R 
showing an approximately 5% increase, and a H c coercivity that shows a 1 Oersted decrease and 
an H f coercivity that shows a 5 Oersted decrease from the Fig. 3 sensor. Thus, it is seen that the 
spin valve sensor 92 of Fig. 4 provides some improvement over the prior art, while the sensor 
embodiment depicted in Fig. 5 possesses improved performance characteristics due to the 
depositing and subsequent etching back of its Si seed sublayer. Specifically, the 20 A Si seed 
sublayer 94 of the Fig. 4 sensor 92 lacks some of the improved performance characteristics of the 
etched back 20 A Si seed sublayer 98 of the sensor 96 depicted in Fig. 5. 

With regard to preferred ranges for the deposited Si seed sublayer thickness and preferred 
ranges for etching back the Si seed sublayer, it appears that the improvements in performance 
characteristics of the present invention can be obtained where the Si seed sublayer 98 is initially 
deposited from approximately 15 A to approximately 45 A, and the etching back of the Si seed 
sublayer is conducted from approximately 5 A to approximately 15 A. A final thickness range of 
the Si seed sublayer 98 is from approximately 10 A to approximately 40 A. A preferred final 
thickness range of the Si seed sublayer 98 is from approximately 15 A to approximately 35 A, 
and a preferred final thickness of the Si seed sublayer 98 is approximately 20 A. Thus the Si 
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seed sublayer 98 described in Table I was initially a 30 A Si seed layer that was etched back 10 
A to a final thickness of 20 A. 

As indicated above, the magnetic head of the present invention includes an Si seed 
sublayer having a reduced thickness together with a PtMn layer having a reduced thickness, 
5 which together provide improved performance characteristics to the magnetic head. It is 
believed that the improved characteristics relate to an improvement in the microstructure of the 
PtMn layer which forms an enhanced FCT crystal structure phase during the magnetic head 
annealing process that is conducted to obtain the desired magnetic field direction and pinning as 
is known to those skilled in the art. Fig. 6 is a graphical depiction comparing the exchange 
J JO pinning field of magnetic heads as a function of the PtMn layer thickness. The graph compares 
ijgj the Hp pinning field of the Si seed sublayer head of the present invention with the prior art Ta 
;:g seed sublayer head, depicted in Fig. 3 and described hereabove. It can be seen that the Si seed 
III sublayer head of the present invention maintains a strong pinning magnetic field utilizing a 
! »3 decreased thickness PtMn layer as compared with the prior art head. 

;Jf5 Figs7, 8 and 9 are graphical depictions of performance characteristics of the Si seed 

■pjjj sublayer magnetic head of the present invention. As can be seen in Fig. 7, the sensor maintains 
its resistance R with the PtMn layer thickness decreasing even below 1 10 A. As depicted in Fig. 
8, the value of AR maintains a relatively constant value where the PtMn layer thickness is 
decreased down to 1 10 A. Likewise, as depicted in Fig. 9, the value AR/R of the magnetic head 
20 of the present invention retains a fairly constant value where the thickness of the PtMn layer is 
decreased down to approximately 1 10 A. 

The Si seed layer 94 is expected to provide increased performance results for different 
types of spin valve layer structures, as are known to those skilled in the art that include a PtMn 
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antiferromagnetic layer, such as a dual antiparallel pinned layer spin valve, in which two PtMn 
layers are used. 

While the present invention has been shown and described with regard to certain 
preferred embodiments, it is to be understood that those skilled in the art will no doubt develop 
certain alterations and modifications in form and detail therein. It is therefore intended that the 
following claims cover all such alterations and modifications that nevertheless include the true 
spirit and scope of the present invention. 

What I claim is: 



SJO920010039US1 



14 



